Unbounded Volatility in the Uncertain Volatility Model by Leblanc, Matthieu & Martini, Claude
HAL Id: inria-00072571
https://hal.inria.fr/inria-00072571
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Unbounded Volatility in the Uncertain Volatility Model
Matthieu Leblanc, Claude Martini
To cite this version:
Matthieu Leblanc, Claude Martini. Unbounded Volatility in the Uncertain Volatility Model. [Research









   



















ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE















o[Tp\G\7XZgcU a IgcIdqEGIgWdqEGIrYsZKutZvZwxL yzX|{pIHM}GgcIM~VtZtZtL Z\TppI^
3jGpu I#XZgc"O`Y"UWEGIM[YGdIgcU_TpO.Y	hXZS=TjU_O.S`O`UbkX a IS^WIUWUWO.YGJXp{ZIS.S=TVYGI a TP
I{bZZf&Tpg_TV^#1TpY a bZXpYG^|tVl ¡d£¢&TpS.^cXZ=¤¢  IhnGgW^cU&S.X1XZlTVU¥<QGgWXZ\7ITVYXZ\PU_O.XpYG^
O.Y¦TH§TVgWpIUO`UWE¨Y]X©O`YuU_IgcI^ªUJgWTVU_I	TVY a ¡X1dQ]^XZY«U_EGI	Ie1UWgWIHI	dTp^cIEGIgcI	UWEGI
{ZXZS.TVU_O`S.O`UbJETp^zTJS`X|Igz}7XZQGY a }GQ]UlYGXJQ]\G\:Igl}7XZQGY a ¢  I^WEGX|UWETVU[U_EGI^WHJTpS.S`I^ªU
gWO.^cS.I^c^)^WIS.S.O`YGM\GgcO.dI'XpU_EGI'dS=TpO`H¬O`^U_EGI­#S=TpdqZ®ªN1dqEGXZS.I^)\GgWO`dI CTVU){ZXZS.TVU_O`S.O¯Ub°ZO`{pIY
}b©U_E]IS.X|IgR}7XZQGY a ¤XpzTpY±XZ\PU_O.XpY²O`UWE±\TbZXp³´U_EGI^cH§TVS.S.I^cUdXZY]dT{ZI¡QGY]dU_O`XZY
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Télécopie : (33) 01 39 63 53 30 - International : +33 1 39 63 53 30
  	 $3 ) 
	¬ 
)    (

	  	  TpY]^S`IdT a gcI a Q HX a FS.I°k a {pIS.S.TpYGI a T]&I{bZf&Tpg_TV^J5&IU
 bpXZYG^J¯tVz Cd£¢TpS.^cX©¯Z ¤&XZYUWQ a O`IJS`I\]gWO.dO.YG a XZ\]UWO.XZY]^IQGgWXp\IYGYGI^ a TVYG^S`I
dTp^X²S.T	{pXZS=TVUWO.S`O`URY  I^cUR\Tp^R}7XZgcYIJ^WQG\gcO.IQ]gWIHIYuU¢ Y HJXZYuUWgWI¿1Q]I§S.I\GS`QG^
\:IU_O`U%\GgWOe a I^WQ]gWdXpQ]{ZIgcU_Q]gWII^cU a XpYGY\Tpg)S`I'\GgWOe	­S.TpdqZ®ªNPdqEGXpS.I^ M{ZXZS.TVU_O`S.O`UzS.T
}:XZgcYGIO.Y] gWO`IQGgcI a QHX a FS`I[km¤ a QGYGIXZ\]UWO.XZY a I\TbpXp³©S  IYu{ZIS.XZ\G\7IdXZY]dT{ZI
^WQG\gcO.IQ]gWI a Q"\TbZXp³ O`YGO`UWO=TpS5¢






* + ° $&
	"! 
{pIS.S.TpYGI a T]h I{b¦TpY a f&Tpg_TV^O.Y TpY a  bpXZYG^°O.Y ¯|tj)dXZY]^WO a IgRUWEGI\GgWO`dO`YGxXp
a IgcO`{VTVU_O¯{ZI^cIdQ]gWO`UWO.I^JO`Y¦UWEGI"dXZYuU_Ie1UJEGIgWI	U_EGI	{ZXpS=TVUWO.S.O¯Ub©XplUWEGIQ]Y a IgcS`b1O.Y]©O`^
QGYGYGX|Y }GQ]U	TV^W^WQ]HJI a U_X±S`O.I	O.Y T dXpHJ\TVdUO`YuU_Igª{VTpS-,%. /10 2 0 3À¢>D)EGIb ^WE]XB
U_ETVU#U_EGIl^WHJTpS.S`I^cU#gWO`^WS.I^W^#^WIS`S.O`YGR\GgcO.dIlO.YTpYTpgc}GO`UWg_TpZI® ¡gcIIXZgcS a O¯U_EdXZYG^ªUqTpYuU
O.YuU_IgWI^ªU[g_TVUWI54§^WE]XZQGS a }7I
687:9; <>=@?BA ;(CDFEHGJIKMLN IOQP  £B¤
EGIgcISRUTmO.^UWEGI^WIU"XpUWEGI gWO`^WZ®YGIQ]U_gWTpS \GgcXZ}Tp}]O.S.O¯U_O`I^JE]O.dqE a I\7IY a ^XpY UWEGI
O.YuU_Igc{VTpSTpY a KMLN IO UWEGIR\GT|bpXp³ XpU_E]IRXZ\]UWO.XZYmTVUzETpY a O¯U_EH§TVUWQGgWO¯UbWVYX[ZP¢  IgWO`UWI A ; ¡XZg%UWEGIIeP\:IdU_TVU_O`XZYQ]Y a Ig[T\GgcXZ}Tp}GO`S.O¯UbW\^]D)E]Ibx^cEGX| U_ETVUzU_EGO`^l¿QTpYuUWO`UbO.^ TVS.^WXU_EGIR^WXZS`Q]U_O`XZYmXp<UWEGIM½zTpHO.S`UWXZYP®£¾ZTpdXZ}]O¯®
­IS`S.HJTpYI¿QTjU_O.XpY
4`_:acbdb afe dgih 687:9j <Fk l m l!npoq rts a s b s db a s . e bdbu  5~Z¤
O`U_EUWIgWHO.YGTpSdXpY a O`UWO.XZY d L V#2a O . KML a O O`Y©dTp^WI K O.^^WHXPXVU_E IYGXpQGZE¢vY©UWEGIUX\Tp\7Igc^[O¯UO.^Tp^c^WQGHI a U_EGTVU-0 XwZJTVY a 0yx h{z ¢vY¯ZÀVO.YMTY|IgWX O`YUWIgcI^cU3g_TVUWI#HJTpgcpIUVUWEGI^cIdXpY a TpQ]UWEGXZgETp^3^cIUcU_S.I a U_E]IdTV^WI
XphdXZYuUWO.YQGXZQG^'\GT|bpXp³:^ U_ETpY]1^'XpYXZYGIMETVY a U_XT^cXZQGY a a InYGO`UWO.XZYmXp<U_EGI^cIS`S.O.Y]
\GgWO`dITVY a XZY²UWEGI§XVU_EGIgRETpY a U_XmUWEGI§dIS`I}GgWTVU_I a XZgc XV-}'gcb1S.X|{©XZY±dXZYuU_gWXpS.S.I a
a O`³:QG^WO`XZY\GgcXPdI^W^cI^ c~j=¤¢'vY¨¯B~BÀEGI°^cUWQ a O`I a U_EGIdTp^WI0 .Z	TpY a ^cEGX|I a U_EGTVU
U_EGI^WIS`S.O`YG°\GgWO`dI§ ªB¤)O.^zTpdUWQTpS`S`bUWEGIR\GgcO.dIRXphTVYmlHIgcO.dTpYXp\]U_O`XZYmO`Y"UWEGIM­S.TpdqZ®
NPdqEGXZS`I^HJX a IS TVU)U_E]IQ]\G\:Ig}:XZQ]Y a XV&UWEGI'{ZXZS.TVU_O`S.O`Ubp¢vYxU_EGO`^ \Tp\7IgIS`XPXZ"TVUlU_EGIXpUWEGIg'Ie1U_gWIHJIdTp^WIME]IgWI 0. h{z ¢ l dXZQ]gW^WIVI{ZIYO`UWEGIz{pXZS=TjU_O.S`O`UbR\GgWX1dI^W^%HJTbUqTpVI'TpgW}]O`U_gWTpgWO`S`bREGO.ZE{VTpS.QGI^IlgWI¿QGO`gWIz^WXZHI
O.YuU_IZg_Tp}]O.S.O¯Ub dXZY a O¯U_O.XpYO`YRXZg a IgU_X a InYGI#U_EGI#QGY a IgWS`b1O`YGl\GgcXPdI^c^O.YRTz^WXpQGY a T|bp¢
­#bT a O`gWIdU&^cU_Q a bI%^cEGX|«U_ETjU&UWEGI {VTpS`QGIh¡QGYGdUWO.XZY§ ª|¤O`^UWEGI#\]gWO.dI#XVTz¥<QGgcXZ\7ITpY
XZ\]U_O`XZYO.YUWEGI­S=TVdqu®£NPdqEGXZS`I^hHX a ISTVU<UWEGI)S.X|#Igh}:XpQGY a Xp7U_EGI){ZXpS=TVUWO.S.O¯Ub0 O¯U_ET
\TbZXp³xE]O.dqE	O.^%pO`{ZIY}ubU_EGI'^cH§TVS.S.I^cU#dXZY]dT{ZI¡QGYGdU_O.XpYTp}7XB{pI'U_EGI'O`YGO`UWO=TpS\TbpXp³
¡QGYGdUWO.XZY¹¢D)EGIY I°^cEGX| U_EGTVU'O`U O.^'TpdU_QTVS.S`b"U_E]I^WHJTpS.S`I^cUlgWO`^WS.I^W^'^WIS.S`O.YG\]gWO.dI
Xp&UWEGIdS.TpO.H"¢
c#))
K &  ))  & "#
vY  ~B5 $ {1O`U_TpYGO.dVfhEGTpH TpY a D&XZQB|OhXZ}]U_TpO.YU_E]IJ^WTpHJI°gcI^WQ]S`UO.YU_EGIdXpYUWIe1UMXV)T
^cU_X1dqETp^ªU_O`d{pXZS=TjU_O.S`O`Ub°HX a ISÀ¢
TV^cU_S¯b #IIe1UWIY a XZQGgRgWI^cQGS`UW^°TpY a UWEGXZ^WIXVRZÀ[B~jUWXxU_EGI§YGXZYP® |IgcXO.YuU_IgWI^cU
g_TVUWI'dTp^cIp¢
	 
 $3   $
 ITp^c^WQGHI'U_ETjU)U_EGI a b1YTVHJO`d'Xp&UWEGI'QGY a IgWS¯b1O.YG N XVUWEGIXZ\]UWO.XZYO`^)XpU_EGI'Ub1\:IN . aX Z  Cu¤ N . 4 N  d h 0 FN   2 d Z
EGO.dqE O.^ a InGYGI a XpY T¦ZO`{pIY>nS`UWIgWI a \GgcXZ}Tp}]O.S.O¯Ub´^c\TpdIp'O`UWE  U_TppIY Tp^T
^cUqTVY a Tpg a ­gcXBY]O=TpY>HJXVU_O.XpY>Q]Y a Ig^WXZHI gWO`^WZ®YGIQ]U_gWTpS\GgWXp}Tp}GO`S.O`Ubp¢ ½[IgcIy4 O`^
U_EGIxdXZYG^ªUqTpYuU	O.YuUWIgWI^cUgWTVU_IxTpY a U_E]Ix{ZXZS.TVU_O`S.O`Ub±\GgWX1dI^W^`0O.^§^WQG\G\7XZ^cI a U_X«}7IT
\GgWXZpgWI^c^WO¯{ZI\GgWX1dI^W^O`UWE	{VTpS`QGI^O`Y ,'. / 0 2 0 35¢  I'UWEGIY"ET{ZI
 N  . 0 s N s  d
­#b`v U%  ^)¡XZgcHMQGS=TIZIU
N . a D G   9"!#  0%$ & $ e oq #
 0 s$ ('*) + ] u ]
z^"UWEGI {ZXZS.TVU_O`S.O`Ub¨\GgcXPdI^c^mO.^	QGY]1Y]XBY¹TVY a ^cO.YGdI©UWEGI nS`UWIgWI a \]gWXZ}TV}GO.S`O`Ub
^W\TpdImO`^JYGXVUJn]ePI a %Im^WETpS`S a ITVS[O¯U_E UWEGImO`H§TVZIS=T Xp N XZY UWEGIdTpYGXZY]O.dTVS
^W\TpdIp¢hD)EGIgWI¡XpgWIp7Tp^O`Y ZÀG#IO.YuU_gcX a Q]dI'U_EGI'¡XZS`S.X|O.Y]M^WIUWU_O`YG%
,.-0/ 132.46587979:9;6<>=;64?;62A@=A@B:92;6C






D)EGIJdXPXpg a O`YTVU_InS¯U_gWTVU_O`XZYO.^ a InYGI a Tp^   . 0 L MO!2 u d O 3TpY a   .     .0 L MO2 u H J O ¢
 IYGX| dXZYG^WO a Ig)UWEGIS=T^Y\ XZY D 2	  2 L    O 
& U_ETVU^WTVU_O`^c bXL + O L M  O 
& O.^T'\ ®HJTpgcUWO.YGZTpS.IL O  M   xx  d TpY a     ,W\ e + ] u ]L O M  . o \ e + ] u ] IU R^T}7I²U_E]O.^"^WIUxXpS=T^¢¥hTpdqES=T XpY  D 2	  2 L    O 
&  XpT \GgWX1dI^W^  !#"   
& BO`UWE N ^_TjU_O.^ª b1O.YG%UWEGI a b1YTpHO.d[ 5Z¤jTpS.^cX)^_TVUWO.^ªnI^ L + O  L O TpY a L O ¢ $ XpYP®{ZIgc^WIS`bZuO¯U_E°T gWI\GgWI^WIYU_TVU_O`XZYU_EGIXZgWIHZ#I)^WII)U_ETVU3U_EGI a b1YTVHJO`dXp L a D G  M  O 
&QGY a Ig T°S=T^_TjU_O.^ª b1O.YG L + O  L$ O TpY a L$ O O`^zXp&Ub1\:I 5u¤¢)D)EGIgcI¡XZgcIp RUT O.^Ie]TpdU_S¯bU_EGI^WIU Xp:UWEGIS=T^hXZY% D 2	  2 L    O 
&& Xp¹UWEGI\GgWX1dI^W^WI^'   ! "   
& O`U_E°{ZXpS=TVUWO.S.O¯UbO.YM,¢
 I a InGYGIUWEGI'CTpHO.S`bXpR^T e YQGS.S ^cIU_^[}ubX
( =@? .*)+   -,/. \  R^T 21032   24+65-2 TpY a \ L 2 O . Z87
IUQG^^WIU L   IO = ?I 
&  !#9. #  I :( =@?  I 
& ] v <;>=@?A =@? a IY]XpU_I°U_EGI°^cIUXp#\GgWXZpgWI^c^WO¯{ZI
\GgWX1dI^W^WI^¡XZg L   IO =@?I 
& [UWEGIY Xp}{1O`XZQG^WS¯b´^cQGdqE>\GgWX1dI^W^WI^"TpgWIx\]gWXZZgcI^c^WO`{pIx¡XZgJUWEGI
nS`UWg_TVUWO.XZY L   I O ;I 
& ¡XpgTpYubM\¢
 I'nYTpS`S`bJn]e K Tp^[TJ­XpgWIS¡Q]YGdUWO.XZY a InYGI a XZY HRJ G{VTpS`QGI a O`Y H E]O.dqE	O.S.S
}:I[U_EGIz\TbZXp³"¡QGYGdU_O.XpY§Xp UWEGIlXZ\PU_O.XpY#I dXpYG^WO a Ig¢  dXZQGgc^WI O`YJUWEGI Tp\]\GS.O`dTVUWO.XZYG^K ^WE]XZQGS a }:I[YGXZY]YGIuTjU_O`{pIpP}GQ]U I[XZY  UET{ZIlUWXU_TppIzdTpgcIlO.YZIYGIgWTpS:XVU_EGI[^WO`ZY
Xp&UWEGI\TbZXp³¡Q]YGdUWO.XZY¢
 IUzQ]^[^cIU[YGX|T°dS.Tp^W^cO.dTpS¹¡g_TVHJIXZgcJ¡XZg)^ªU_X1dqETp^ªU_O.ddXZYuU_gWXpSÀ¢
,.- , BDCFE.792/GHIC C5@ @:9;6<>2>IWC(@B2KJML6=C @:NJOJ2;K@8C%27
 IQG^cI^cXZHIY]XpUqTVUWO.XZY]^%Xp ~V5¢
 I±TV^W^WQ]HJI²UWETVU LP I 2 L  RQI OO O.^T ® a O.HIYG^cO.XZYGTpS'­gcXBY]O=TpY HXpUWO.XZY>XZY UWEGI O.IY]Ig'^W\GTpdIV¢  I a InY]ITS TV^UWEGI°^W\TVdIXp L   QI O e \GgWXZpgWI^c^WO¯{ZI§\]gWX1dI^c^WI^O¯U_E{pTVS.QGI^)O.YM, . / 0 2 0 3À¢
c#))
v &  ))  & "#
 IdqEGX1XZ^WI'U_X^WIUU_EGI'¡XZS`S.X|O.YG¡QGYGdUWO.XZY]^ 0 L r 2V#28a O . r a  ¡K¤ L r 2V#28a O . 4 a L r 2V#28a O . 4  L r 2V#28a O . ZA L a O . KML a O
D)E]I^ªUqTVUWI\]gWX1dI^c^WI^ G!m j m O m  dXZYuU_gcXZS.S`I a }ubU_E]I\]gWX1dI^c^ r  S O.^ a InYGI a }ubX  G#m j m O m   . 0 L r  2 u h d 2 G!m j m O m   O   h  L r  2 u h d 2 G!m j m O m   O  d G!m j m O m   . a
XZg[X Z a IUWIgcHJO`YGO.^ªU_O.d TpY a u   #I a InY]I' j L u 2a O . A / #
	 E
O   L r  2 u h d 2 G!m j m O m   O D E  L j m O J m  "    O    d
h D E   L j  m O J m  "  !  O   A   G#m j m O m  	 E O  3TpY a ' L u 2a O . 687:9j ' j L u 2a O
 IgWIdTpS`SYGX| UWEGIO.H\:XpgcUqTVYUgWIH§Tpgc	wP¢ ~MXp%ZÀ¢
¶ ²G"$#&%(' !p"*)  " c)B$ +) -, .	 !)  /, 0) -B1 G#m j m O m  2
	 3)(4 -
	5
 u  76(8) 9, 8:c ' j	; 
 ' j	  -)3)   
<:  >= "#@?)BA 
C s ) +) '  ' j	; L u 2a O . ' j	  L  s e L BA e u O 2a O   IdTpY"^WIU 
D G L ,28V#2 K 2a O  ! 9. ' L  e V#2a O
EGO.dqE"O.^%#IS`S¯® a InYGI a ¡XpgUV  ¢<D)EGIY
D G L , 2V#2 K 28a O . 67:9j <E-A CDFEHGQIK   G#m j m  m  I  P






  $3  R ¬ 	 %$3 ¬$'
vY"UWEGO.^)^cIdUWO.XZY¹GI^WQ]\G\:Xp^WI4 . ZTpY a TpS`^WX%  K
	 ° »  	   » &  ¼ aV   A J  	  »   ¼ ¶ ¼ »w3 ZB2 hz /
D)E]O.^Tp^W^cQGH\]U_O`XZY'O.S.SpTpS.S`X|²QG^ UWX[HJTpVI Q]^WI XpPUWEGIhgWI^WQGS¯U_^XpG^ªU_X1dqETp^ªU_O.dhdXZYuU_gWXpS
U_EGIXZgcb© ¡^WII }'gªbPS`X|{  ~j dqETp\]UWIgzu¤¢
-0/  26; 46584 G270=A@:979: @ E : @ML  
 I a InGYGIzUWEGIlHO.YGO`HMQGH,gWO`^WS.I^W^^cIS`S.O.Y]\]gWO.dI"! L , 2V#2 K 2a O  ¡XZgh^WEGXpgcU_Ig#! L V#2a O O`U_EGIgWI'O.^)Y]XgWO.^c§XpdXZY]¡QG^cO.XZY"Tp}7XZQ]U^,JXZg K ¤XV3T°¥<QGgcXZ\:ITpY	XZ\]UWO.XZYTjU)U_O.HI Z}ubX
! L , 2V#2 K 28a O .%$'&)( *++, ++-
  H , 0/. X ZM2 0/0  ; =@?A = ? ,. \  R^T QL21 O)3 I 0 s L MY2 d O 6 M   x z \ T]¢ ^¢L4151 O 3 2 0 L MY2 d O  M  X e . \ T]¢ ^¢L216151 O  h 3 I 0 L MY2 d O  M   KML a%M IO \ T]¢ ^¢
78++9++:  5wZ¤
E]IgWI{V%O`^%U_EGIHJTVU_Q]gWO`Ub§TpY a K U_EGI\TbpXp³¡QGYGdU_O.XpY¢
 I"^WEGXZgªU_S¯bmicQG^cUWO` b«U_E]O.^ a InGYGO`UWO.XZY¢ L21 O O.^T©dS=TV^W^WO`d	O.YuU_IZg_Tp}]O.S.O¯Ub²dXZY a O¯U_O`XZYTpY a dTVY¨}7IgcI\GS.TpdI a }b 3 I 0 s L MY2 d O M s  d x z \ T]¢ ^¢`<^cO.YGdIU_EGI{pXZS=TjU_O.S`O`UbO`^}:XZQ]Y a I a<; L2151 O T{ZXpO a ^ a XZQG}]S.O.Y]^ªU_g_TjU_IpO.I^§ C^cII¡XZgIe]TpHJ\]S.I"= B ¤ ; nYTpS`S`b L415161 O O`^U_EGI°^WQ]\:Igª®E]I a ZO`YG"dXZY a O`U_O`XZY¢°D)EGXZ^cIJdXZY a O¯U_O`XZYG^'ET{ZIU_X"}:I°^WTVU_O`^cnI a ¡XZgI{ZIgªb
\GgWXZ}GTp}GO.S`O`Ub²S=T Xp RUT ]oIHJTpgW±UWETVUIET{ZI a gWXZ\G\7I a U_EGI a I\7IY a IYGdIXZY a
Xp#UWEGI^cU_X1dqETp^ªU_O`dO`YuU_Ipg_TpS5¢D)EGO.^O.^'\7XZ^c^WO.}]S.I°}:IdTpQ]^WI 3 I 0 L a%MY2 d O  L a%M  O ; E?> 2 O 2.3 I a0 L a%MY2 d O  M  TpY a }ub°gWI\GS=TpdO.YG5a0 L a%MY2 d O }ub@0 Q L MY2 d O  C^cIIMZ:^cIdU_O.XpY~P¢ ~¡XZg a IU_TpO.S`^q¤¢
 Ingc^cUgWIdTpS`SuT%dS.Tp^W^cO.dgcI^cQGS`U# ¡^WII<¡XZg¹O.YG^ªUqTpYGdI= B ¤¢  I a IY]XpU_IF G>BA L a 2 K 2 0 2V OU_EGI%\]gWO.dI)TVU&U_O.HI Z Xp7TpYlHIgcO.dTpYMXZ\]UWO.XZYO.YRUWEGI­S.TpdqZ®ªNPdqEGXpS.I^3HJX a ISO`UWEMdXpYP®
^cUqTVYU[O`YUWIgcI^cU[gWTVU_I54G{pXZS=TVUWO.S`O`Ub0HJTVU_QGgcO`UbV)TpY a \GT|bpXp³ K ¢C  »ED<»  	  	 »GFIH KJ(4  Z     N I . a   9ML 0  I h L 4 e l sON V N 
QPN I .D EHG  N I   6 ' K +) !)    .@SRF G>BA L a 2 K 2 0 2V O . 67:9T AU D EHG T K _ a   9 _ 0  T h _ 4 e 0 sq gWV:g gYX
c#))
  &  ))  & "#
: "! V "#	)	" )3)    ) 35 51.(/, 3)  '   "8$  ' -" -: , $  : MR3){(/Zp2V 3^( @)  6 &(" ! R" "   J +)/)M 5"!
$$@) C5"  !3)3) 0 >BA ) !  B ' " R" /, d: /1ZB2V 3*Q F G>BA L a 2 K 2 0 2V O h #  0 >BA$  PN $  DFEHG  KMLN O ( @)
: "   )Q !B-)$Q ."8^+) : J
	  

p ' " ,  p
	
 ' " -, -: 
¶ ²G"	
 W-) )   ,  +)`S
"!!!) )  !M '  04 )W
	!!-, 5)$ ' "8)5" ,"#1.@ 3) Q.	" : S  5!p" ' " ,  ' -" -:    
,"1.@ 3)   6W ) 9,  )   ,  +) ' 	
 C: p{"  ' "  ! :   "  ' 	 $ 0 > A Q H JL /1ZB2V>/ V H !-, 5) 
 :   L ' 2 N $ O ' "   Q ."8
 '   )  !B-)$ Q ."8 <6 ' 	 	+) 5B"#$	" ' " , 
	 3)  5 "   5"   '  '     ! : 5

' ,.	    
 pc 5" !+)  "  ' "  !
: 5"  ' " @ R ' " , 	$X v '#IxS`XPXZ±TVU§UWEGIx­S.TpdqZ®ªNPdqE]XZS.I^§HX a IS)O`U_E |IgWX±O`YUWIgcI^cUg_TVUWIp%{ZXpS=TVUWO.S.O¯Ub
I¿QTpSUWX o TpY a dXZY]^WO a Ig)U_EGI\GgcXZ}GS`IH XV3\GgcO.dO.YG°TVU)UWO.HI5Z°TpY	lHIgcO.dTVY"Xp\]U_O`XZY+ O`U_E"HJTVU_QGgcO`Ub 0 s V\TbZXp³ K L PN N TpY a IePIgWdO`^WI'O.Y a X| / 0 s V#2 0 s V 3À]#IZIU ! »  » " "¡G ·#" 6 ' K +)Y!  )    .@SR   5"#$!- ' -35$+ +).SR)  >BA  a 2 K 2 0 s V#2 0 s V  . 67:9T A $ K L a T 9L  T e V q N N&%: "! V "#	)	" )3)    ) 35 51.(/, 3)  '   "8$  ' -" -: , $  : MR3){(/10 s V#2 0 s V 3U( @)  &(" ! R"M " S J +) )  5" 
$$@)  5"! !3)3)(' >BA )!  B ' " R"#y/, d: /1ZB2V 3*Q  >BA L a 2 K 2 0 2V O h #  ' > A$  PN $  D EHG  K LN O ( @)
: "   )Q !B-)$Q ."8^+) : J
	  

p ' " ,  p
	







C  »ED<»  	  	 »    "!35"#       6 ' K +) !  )    .@SR! L ,28V#2 K 2a O   > A  a 2 K 2 0 s V#2 0 s V 
y[X| #I a IYGXpUWI  	 ¶ " 	  	 B
 $   U KML a O   ¼ 
 $  J    A J  ¶ 	     KQ	  F s º 	 	 K Q Q º 	 	 D<» " · »  	  " »1º 	
z^W^cQGHJ\PU_O.XpY  C  ¤<%Tp^O.YuU_gcX a Q]dI a O.YxZ¹TpY a O.S.S}7IhicQG^ªU_O¯nI a }ubU_EGIXZgWIH vP¢
z^W^cQGHJ\PU_O.XpY  Cª¤dXZHI^¡gcXZH U_EGI§^cU_X1dqETp^ªU_O`d§dXpYUWgWXZS U_EGIXZgcb²TpY a Tm^WO`HJO`S=Tpg
Tp^W^cQGHJ\PU_O.XpY"dTpY	}:I'¡XZQ]Y a ¡Xpg)O.YG^ªUqTpYGdIO.Y ~VÀdqEGTp\]U_IgKG^WIdU_O`XZY~P¢
D)E]IHJTpO.Y§gWI^cQGS`U[XpZ O`^ 
  ¶1»  ¶    
 . ! A  FO H JL 2 H  ,>0 
 $   U A L a O 210 
 $   A L a Oo h a ): 	$!M+)   	! )5B	! ' "{  " ,&A U. 67B9  "! #    !A J  ]6#S ?" ' "!3)c"8Q ,"%$@   86 ' K ) +)U3) '&  
 '&)(    ! L , 2V#2 K 2a O . 687:9; <>=@? A ; / K L a%M IO 3 . D  L , 2V#2 K 28a O&y" ! R" L V#2a O V ! L , 2V#2 K 2a O +)y!)S
  A m s  >) ) ( '+* "#  Ry3 ZB2  /  HKJL 2! L , 2V#2 K 28a O ) +)U3){-,/. )B$ 687:9 j <Fk l m l!n As r s a s0  0   . 0 0 O 2
 5 ,  ,     +) $ 
 :  0 L MY2 d O . 01 032 L V e d 2a%M  O ]   6 ' K +)  
 ) +)U3) '&4(     D  L , 2V#2 K 28a O   


 $   U D  L ,28V#2 K 2a O . 
 $   U KML a O 2 
 $   D  L , 2V#2 K 2a Oo h a . 




   6 ' K    D  L , 2V#2 K 2a O   
! L , 2V#2 K 2a O . 687:9; <>=@? A ; / K L a%M IO 3 . D  L , 2V#2 K 28a O&y" ! R" 65 +){ ' " !C:  !  5	!  ' D  ]
c#))
|t &  ))  & "#
- ,  26; 46584 G270=A@:979: @ E : @ML   
 IzQG^WI UWEGIlYGXVUqTVUWO.XZYG^ Xp UWEGI \GgcI{1O.XZQ]^%^WQG}]^WIdU_O`XZY	TpY a #IlU_TppIlUWEGI ^cIU . /1ZB2 0 3
O.YG^ªU_IT a Xp,°O.YTpS`S7UWEGI \GgcI{1O.XpQG^ a InYGO`UWO.XZY]^¢D)EGI ¡XpS.S.X|O`YGO`^^cEGX|Y"O`YB~j5¢Xpg
U_EGI^_TVpIXp3dXZH\GS.IU_IY]I^W^)#I^WETpS`S \GgWX|{1O a IT\GgcXPXV£¢
  ¶1»  ¶    
	"-)3)1, 5$ '&  c ' K +)   .@SR! L p2V#2 K 2a O .  > A $a 2 K 2!ZB2 0 s V  . F >BA L a 2 K 2 0t2V OC  »»   IZX°}TVdq§U_XU_E]I\]gWX1Xp3XV%B~j O`Y	XZQGg^WIUWU_O`YGG¢
D)E]ImO.Y]I¿QTpS`O`Ub ! L p2V#2 K 2a O   >BA L a 2 K 2!Zp2 0 s V O O.^°ZO¯{ZIY¨}ub¨\GgWXZ\7XZ^cO`U_O`XZY¨wEGO.dqE"O.^%{VTpS`O a ¡XZg^0 .[Z]¢
 Y UWEGIXpU_E]Ig§TbZz#IET{ZI ! L p2V#2 K 2a O  687:9; <>= A ; / KML a%M IO 35¢  Y ^WXZHI\GgWXZ}GTp}GO.S`O`Ub^W\TVdIpS.IUQG^ a InY]I	 I U_EGI°^WIURXV#UWEGIJ^ªU_XZ\]\GO.YGUWO.HI^ O`UWE gcI^c\:IdUU_X°U_EGInS`UWg_TVUWO.XZY	ZIYGIgWTVU_I a }ubT§­gcXBY]O=TpY"HJXVU_O.XpY  O`UWE{VTpS`QGI^[O.Y /Zp2V 3&TpY a
UqTpVI
«O`Y I ¢² IU D }:IUWEGI^WIU°Xp[\GgWXZpgWI^c^WO¯{ZI	\GgWX1dI^W^cI^O`UWE«gWI^c\:IdU°U_XxUWEGI­gWX|YGO.TpY"nGS`U_gWTVU_O`XZYO`UWE"{VTpS`QGI^[O.Y3¢%D3TVpI O.Y>D¢ v UzO.^dS.ITVgUWETVUU_E]IS.T| XZY D 2	  2 L    O 
&& XV&UWEGI\GgWX1dI^W^ L  O EGIgcI  .     & 
  . a
O.^)O.Y`R1¢<D)EGIgcI¡XZgcIp
67B9; <)= A ; / K L a%M IO 3  687:9 < 1 A / KML  IO 3vY\TVgcU_O`dQGS.Tpg#IdTpY"U_TppI  . 0 o    EGO`dqEO`^TpS.^cXO`Y D U_XZIU67B9
 < 1 A / KML  IO 3  687:9 < AU K _ a
  9 ! 0   e oq 0 s 







-2   ; 2 ;646584 G279= @:979: @E
l^#I ^cQG\G\7XZ^WI EGIgWI 0. h{z BUWEGI<ZIYGIgWTpSZ^WIUWUWO.YGXpP^WIdU_O`XZY~%ETp^U_X}7I<HJX a O¯nI a ¢ IET{ZIU_X°dXZYG^WO a Ig)UWEGIS=T^-\ ^_TjU_O.^ª b1O.YG L + O  L$ O TpY a TpS.^cX L Q O 6 M   x{x  d 2        !#9. / 0 2 h{z /B\ e + ] u ] IMO.S`S3TVS.^WX§YGII a UWETVU u V 3 O 0   2  }7IT`\ e HJTpgcUWO.YGZTpS.IJ CO¯U Tp^'dS`ITpg O`YU_EGI\GgcI{1O.XZQ]^[^cIdU_O.XpYG^q¤¢N1X°#IT aGa U_EGI'¡XZS`S.X|O.Y]MdXZY a O`UWO.XZY L  O .VUXwZ A ; U 3 I L       N s  d X x hz ¢ I a IYGXVU_I R UWEGIJ^cIURXp%S.T| ^_TVUWO.^ª bPO`YG L + O  L$ Q O  L$ O TpY a L  O ¢  IJTpS.^cX a I®nYGIU_E]I	CTVHJO`S`b Xp-R e YQGS`S)^WIUW^ ( = 23UWEGInS`UWg_TVUWO.XZY L   IO =I 
& <UWEGI	^WIU ; =@?A = #Tp^\GgWI{PO`XZQG^cS`bZ¢
D)E]I a InGYGO`UWO.XZY©Xp)U_E]I§HO.YGO`HMQGH \]gWO.dI ! L  2V#2 K 28a O  ¡XZg^cEGXZgªU_Ig ! L V#28a O ¤O`^YGX|N
! L  2V#2 K 2a O .Q$ &)( *++, ++-
  H , 0/.wX ZM2 0/0  ; =@?A = , . \  R QL21 O 3 I 0 s L MY2 d O 6 M   x z \ T]¢ ^¢L4151 O 3 2 0 L MY2 d O  M  X e . \ T]¢ ^¢L415151 O  h 3 I 0 L MY2 d O  M   K L a%M IO \ T]¢ ^¢
7 ++9++:  6 Z¤
 IUzQ]^[Y]XB U_QGgcY"UWXU_EGI¿QGI^ªUlXVTdS`XZ^WI a ¡XpgWHMQGS.TR¡XZg%U_E]I{VTpS`QGI ¡QGYGdU_O`XZY 
F L V#28a O  !#9. 67B9; <>= A ; / KML a%M IO 3
yzIe1U#I#^cETpS.Sp^WEGX|²UWETVUU_E]O.^{VTpS.Q]I<O.^U_E]I ^cH§TVS.S.I^cU O`YGO`UWO=TpS|{VTpS`QGI<Xp]T^cQG\7IgW^ªU_gWTVU_Ipb
¡XZg%U_EGI\TbpXp³ KML a%M IO 2GO5¢ IV¢F L V#2a O . ! L V#2a O ¢
 EGTVUO`^ UWEGI[HJITpYGO.Y]XV  À~Z¤O`Y§dTV^WI 0. h{z XZg 4 . ZB2uUWEGO.^hI¿QTjU_O.XpY§HJT|b}:IgWIgWO¯UWU_IY 
oq 0 s a s _ b s db a s g
J e oq 0 s a s _ b s db a s g
E . b db u     ¤
O`U_EO.YGO¯U_O.TpSdXpY a O`UWO.XZY d L ZB2a O . KML a O ¢ v #IR¡XZgcH§TVS.S`b§^WIU 0(. h{z IR^WEGXZQ]S aET{ZI b s db a s L u 2a O  Z
c#))
B~ &  ))  & "#
D)E]O.^)S.IT a ^%Q]^%U_X}7IS.O`I{pIlU_ETjU a V F L V#28a O O.^%dXZYGdT{pIO`YWa¡Xpg VUX Z]GTpY a #I C^cUWO.S`S:¡XZgcH§TpS`S`b]¤<ZIU
oq 0 s a s b s db a s . b db u IxgcIHJTpgW«UWETVU d ^WTVU_O`^cnI^§U_EGIx­S=TpdqZ®£NPdqEGXZS`I^f  ¥  ¡EGIgWI VO.^U_EGIU_O.HI	U_XH§TVUWQGgWO¯Ub]¤O¯U_E{ZXZS.TVU_O`S.O`Ub 0 ¢kXZgWIX|{ZIgp#I%XZ}]U_TpO.YU_ETjU 0 0 O  Z]¢&½zIYGdI#I#^WEGXZQ]S aET{ZI-V V F L V#28a O a IdgcITp^cO.YGXZY'3 Zp2 h{z /¢tv :#I[nPe VO`Y'3 ZB2 h{z / uO`U<O`^<U_EGIYJgWTVU_EGIgYTVU_Q]g_TpS U_XO.YuUWgWX a QGdIU_E]I^cIU  Xp3UWEGI¡Q]YGdUWO.XZYG^ a InYGI a XpYf/1ZB2V 3  3 ZB2 h{z /PU_EGTVU^_TVUWO.^c bXL41 O .a X ZB2   L ZB28a O  K L a OL4151 O   1 u F A m s O.Y`3 Zp2V 3  3 ZB2 h{z / 2%F  O.Yy/1ZB2V 3  3 ZB2 h{z /L415161 O . d  3 ZB2V 32 0  90   L d 2a O  ZL41 ' O .a X ZB2 . d  3 ZB28V 3$2 As 0 s a s 0  90   L d 2a O e 0 90  L d 2a O  ZL ' O    ZI{ZIgcbEGIgcI
    # C  »D<¶ | 	 ¶  »  	 ¶  "  ¶    p 	 » 
XpS.S.X|O`YGUWEGI\GgWI{PO`XZQG^ a O`^WdQ]^W^WO`XZYG#I^cETpS`S^WEGX|NC  »ED<»  	  	 »  
	" -)3)1, 5$ '&   ' " R"#a X Z&c , 5V V F L V#28a O +)  " -)1.` 3 ZB2 h{z / C  »» x IU \ }7I§T"S=T O`Y(RJ¢ XZg^WXZHI­gWX|YGO.TpY²HXpUWO.XZY 2§O`UWEy0  .
      2:0   0 2
MAO .   9 !# O 0   2  e oq #
O 0 s  d ) \ e + ] u ]
IUQG^n]e Zx %u ¢  I'ngW^ªU%TpYuU[U_X°^WE]XB
A ; U K _Ba T 9 !# O 0   2  e oq # O 0 s  d ) gYX  ~u¤. A ; U K _ a T 9 !#  r $ 






¡XZg 	 ­gWX|YGO.TpY§HXpUWO.XZYQGY a Ig \ O`U_EJgWI^W\7IdU U_XRTY]I nS¯U_g_TjU_O.XpY L  IO TpY a ^WXZHI\GgWX1dI^W^ r T a Tp\]UWI a UWXRU_EGIzYGI>nS¯U_g_TjU_O.XpYJ^cQGdqEU_ETjU r $  0 ¡XZg '  /1ZB2  3À¢D)E]O.^O`^a XZYGIO.YU#XJ^ªU_I\G^¢
N1O.YGdI 3 O 0 s$  ' . 3  0 s  O  P . 3   0   O  s  P O`U[O`^)YTVU_Q]g_TpSUWX a InYGI r}b r . 0    O ¢ N1O.YGdI uE P r  0 ¡XZg P  /1ZB2  3À¢
y[X| gWIHJTpgc UWETVU 	   !#9.   O 2   O.^Tm­gcXBY]O=TpY±HXpUWO.XZY  C}ub ^WdTpS.O`YG¤¢	­ b
n]ePO.YG P(   !#9. 2   GIET{ZI\ e + ] u ]
#  r 
	  . #  0  	 u 	  u  P(  . #  P 0   P( 
EGIgcI P0   ! 9. 0   ¢kXpgWIX|{pIg P V P(  O.^lT§dXpYUWO.YQGXZQ]^ H§TVgcU_O`YGuTpS`Ip¢)z^  	   . O
 P(  #IET{ZI 
 P(  . O P TpY a O`U_^O.Yu{ZIgW^cI² CTp^Tm¡QGY]dU_O`XZY±Xp P ¤O.^RZO`{pIY}b  L ' O .  O ' ¢D)EGIYIdTpY QG^WI°T§UWO.HIdqETVYGZIM¡XZgcHMQGS=Tm C^cII¡XZglIe]TpHJ\]S.I vV5\GgWXZ\7XZ^cO`U_O`XZY]¢ KG¢   ¤#U_X°XZ}PUqTpO`Y\ e + ] u ¢
#  P 0   P(  . #    P 0 	  $   L P( 	  $  N . #
O 0%$  2 $
D)EGIgcI¡XZgcI # O 0%$  2 $Y. #  r 
	  \ e + ] u ]
TpY a IZIUzI¿QTVU_O`XZY  ~u¤¢
N1O.YGdI r  0  P  /ZB2  35]#IET{pI F L u 2a O . 67:9; <)= A ; U K _:a   9 ! # O 0   2  e oq # O 0 s  d ) g X
 67:9; <)= A ; U K _:a   9 !#  r $ 
	 $ e oq #  rts$ ('*) gYX .GF L  2a O
 
¶ ²G"
 	+)`" 3)	+)W  R
(  -)   ' 	
	
 R ! )   5"! !3)3) r : p
   M	
	
 ' " -, @ RM) 0 2^"  ' " W ' 	5B0 . hz +) " "   
c#))
K &  ))  & "#
C  »ED<»  	  	 » #   5 5)  '&    6 ' K +)t 5!	+?Y!)  ' "^R"# V X Z&a V F L V#2a O +)t 5 ) !	 ?!) W3 ZB2 h{z / 
C  »»   IU \  R§¢ XZgz^cXZHIR­gcX|YGO=TpYmHJXpUWO.XZY 2§O`UWE0  .        27#IdTpY	gWO¯U_I{\ e + ] u ] M I .   9"!# I 0   2  e oq # I 0 s  d )
 InY]IUWEGIY ' L V#2a 2 \ O  ! 9. A ; / KML a%M IO 3 IdXpYG^WO a Ig)U_E]I CTpHJO`S`bT) a V ' L V#2a 2!\ O 7 ; <>= ¢ . \-2 .a 2`X ZM#IET{pI
 ' L V#28a 2!\ O e ' L V#2 2 \ O 
 A ; /  KML a%M I O e K L  M IO  3   a e   A ; / M I 3 .   a e  
EGIgcI  O.^%U_E]IR O.\]^WdqEGO¯U |'dXpYG^cU_TpYuUlXp K TpY a"a XPI^YGXpU a I\7IY a XZY\¢hD)EQG^UWEGICTpHJO`S`bT) a V ' L V#2a 2!\ O 7 ; O`^)I¿QGO.dXZYuU_O`Y1Q]XZQG^)O`UWE"gcI^c\:IdU[U_X\¢ IU L \   O 2gcI^W\7IdU_O¯{ZIS¯b L \ 2 O G}7ITH§TjePO`HJO |O.Y]R^WI¿QGIYGdIRO`YMR ^cQGdqEUWETVU' L V#2a 2 \   O V 67:9; <)= ' L V#2a 2!\ O .GF L V#2a O
gWI^c\:IdUWO`{ZIS`b ' L V#22!\ 2 O V 687:9; <>= ' L V#22!\ O .GF L V#2 O
D)EGIY>U_EGI a O`³:IgcIYGdI L a 22V O . F L V#2a O e F L V#2 O O.^}7XZQGY a I a ¡gcXZH Tp}7X|{ZI}b + . 
 $ 67:9
  




/ ' L V#2a 2!\ 2 O e ' L V#2 2 \ 2 O 3À¢ ½[IYGdI
  L a 22  O   







    F    »  G 	  » | » "h ¶  " B
 IMO`YuU_gWX a QGdIUWEGIM^WIU_^ R  a InGYGI a ¡XZg±S=TpgcZIIYGXZQ]ZE}ub R   ! 9. R k l m  n ] $ S`ITpgcS`bR  5 R  J A<5 RJ¢
 I<QG^cI E]IgWI<Y]XpUqTVUWO.XZY]^Xp1^WIdU_O`XZY~P¢ ~P¢3 IU QG^ a InGYGI '  L V#2a O  ! 9. 67:9j <E A C K    m j m  m  I  P .D  L / 0 23$2V#2 K 2a O EGIgWI'S  O`^U_EGI'^c\TpdI'Xp L   QI O ® \GgWXpZgWI^W^WO¯{ZI \]gWX1dI^c^WI^[O¯U_E§{VTpS®QGI^O.Yy/ 0 23À¢ zY a Ig[Tp^c^WQGH\]U_O`XZYG^ ¡'¤)TpY a  C  ¤}ubU_EGIXZgWIH v]'  L V#28a O . 67B9; <)= A ; / K L a%M IO 3
N1IU[YGX|[R  !#9.
	  R  ]D)EGIYGIe1UU_E]IXZgcIH O.^%UWEGIpIb	gWI^cQGS`U)¡Xpg%U_EGO`^)^WIdU_O`XZY¢
  ¶1»  ¶  #0# 6 ' K +)  , -)	"8@)  ' 	 $ )! B
687:9; <>= A ; / KML a%M IO 3x h z  5B"#$	"{p
	"-)3)1, 5$ '&    : 5BR
687:9; <>= A ; / KML a%M I O 3 . 67:9; <>= A ; / K L a%M IO 3
 "! ' "  p
	" -)3)1, 5$) '&  
 '& 4  

 $
   '  L V#2a O . F L V#2a O  ªtu¤C  »»  $ S.ITpgWS¯bZ]^cO.YGdI5RT5 R 2 687:9; <>= A ; / K L a%M IO 3  67:9; <>= A ; / K L a%M IO 3 ] IUQG^'n]e(\¬O`YR§ 0¦}7IO.Y]U_EGITp^c^WX1dO=TjU_I a {pXZS=TVUWO.S`O`Ub	\GgcXPdI^W^¢  I a InYGI M
TpY a M  }ub
M I .   9 !# I 0   2  e oq # I 0 s  d )M I .   9 !# I L 0   O  2  e oq # I L 0   O s  d )
y[XpU_O`dI UWETVU)U_E]IS.T Xp L M I O QGY a Ig \ }:IS.XZY]Z^%U_X R  ]
c#))
|v &  ))  & "#
 £B¤ &O.gW^ªUR^ªU_I\¢  I^WE]XB UWETVUIdTpY±nY a Tm^WQG}]^WI¿QGIYGdI L M #   I N  EGO.dqEdXZYu{ZIgWZI^ \ ®£TVS.HXZ^cU^WQGgcIS`b§U_X M I ]
 I'ngW^ªU[^WEGX| UWETVU 3 I L 0   O  2     ; V  3 I 0   2  ]  IdTpY	gWO¯U_I
A ;  _ # I L 0   O  2  e # I 0   2  g s . A ; U # I L8L 0   O e 0  O s  d/X
k"XZgWIXB{pIg L8L 0   O e 0  O s V  Z  \ e + ] u E]IgWI O`^UWEGI I}7I^cZQGIHJITp^WQGgcIXZYy/ZB28V 3À¢<zS.^WXLL 0    O e 0  O s  q  L 0    O s h 0 s  
	 0 s
½zIY]dIp }ub« I}7I^cZQGIU_E]IXZgcIH"<^WO.Y]dIR.V`X Z A ; $ 3 I 0 s  d % x hz }ub a InYGO®U_O.XpY L  O XpYR§hI	ZIU A ; U L 3 I L 0   O e 0   2  N s X V Z]¢vY¦U_EGI^WTpHJITb3 I L 0    O s  d   ;  ; V  3 I 0 s  d ¢<%UU_E]O.^)^cUWI\	IET{ZIXZ}]U_TpO.Y]I a
# I L 0   O  2  e oq # I L 0   O s  d   ;  ; V # I 0   2  e oq # I 0 s  d
NPXG]#IdTpY	nY a T°^cQG}G^cI¿QGIY]dIp AWQ V  ^WQGdqE"U_ETVU
# I L 0   A L  O O  2  e oq # I L 0  A L  O8O s  d ; E?> 2 O 2V # I 0   2  e oq # I 0 s  d
½zIY]dIp%M #   I ; E?> 2 O 2V M I TVY a ^WO.Y]dI K O`^)HJITp^WQ]g_Tp}GS`IpK L a%M #   I N ; E?> 2 O 2V KML a%M IO
 5~Z¤)NPIdXZY a ^cUWI\   I^cEGX| U_E]IgcI^cQGS`U)EGIY K O.^)}7XZQGY a I a ¢
­ b	 I}7I^WpQGIUWEGIXpgWIH¬IU_EGIYEGT|{pI






NPO.YGdIRU_E]IS=T Xp L M #   I N Q]Y a Ig{\ O.^ TS=T O.YR #    ¹#IdTpYxnY a T\]gWXZ}TV}GO.S`O`Ub!   R #    5 R 	^WQGdqE"U_ETVU A ; $ K L a%M #   I N % . A   / KML a%M IO 3 ]½[IYGdI
 $
 A    / KML a%M I O 3 . A ; / KML a%M IO 3  ªpB¤
IUQG^UqTpVIY]XB TH§TjePO`HJO |O.Y]R^WI¿QGIYGdI \)^WQGdqE"U_ETjU
A ; / KML a%M IO 3   67:9; <>= A ; / KML a%M IO 3
D)ETpYG^ U_X £ZB¤7#IhET{ZI<O`UWE U_g_TVYG^W\TVgWIYuUYGXpU_TVU_O`XZYG^ A ; / KML a%M IO 3i. 
 $ A    / K L a%M IO 3 2U_EQG^ F L V#2a O . 
 $ 
 $ A     / K L a%M IO 3  67:9; <>= A ; / K L a%M IO 3
EGIYGdIUWEGIgWI^WQGS¯U¢
 Cu¤D)EGO.g a ^ªU_I\¢  I^cEGX| U_EGIgWI^WQGS¯U O.Y°U_EGI[ZIY]Ig_TVSdTp^cIp¢ v  K O.^hYGXVU#}7XZQGY a I a
I a InYGI K A . K  ¡XZg   Y]­#b§U_EGIHXZYGXpUWXZYGXZQG^)dXZYu{ZIgWZIYGdIU_EGIXZgWIH

 $A  J A ; / K A L a%M IO 3 . A ; / KML a%M IO 3
­Q]UGUWETpYG^)U_XUWEGI\GgWI{PO`XZQG^^cUWI\ A ; / K A L a%M IO 3 . 
 $  J A  	 / K A L a%M IO 3 ¢ IhET{ZI A  	 / K A L a%M IO 3  A  	 / KML a%M IO 31TpY a UqTpO.Y]zT)HJTjePO.HO |O.YG#^WI¿QGIYGdI\  ^cQGdqEUWETVU A ;  / KML a%M IO 3   67:9 ; <>= A ; / K L a%M IO 3@2PIdTpY	gWO¯U_IA ; / KML a%M IO 3 . 
 $A  J A ; / K A L a%M IO 3. 
 $A  J 
 $  J A     	 / K A L a%M IO 3
 
 $ $ &)(A 
 $ $'& ( A     	 / KML a%M IO 3
½zIY]dIp F L V#2a O  
 $ $ &)( 
 $ $'&)(A 
 $ $ &)( A     	 / KML a%M IO 3  687:9; <)=  A ; / KML a%M IO 3
D)EGI^WIdXZY a \TpgcUXV&UWEGI'U_EGIXZgWIH O.^)dS`ITpg)^cO.YGdIQGY a IgR ¡'¤%TpY a  ¡  ¤
687:9; <)=  A ; / KML a%M IO 3  
 $    '  L V#2a O  F L V#2a O
c#))
   &  ))  & "#
 
 IUzQ]^[Y]XB gWIdTpS`S¹U_EGIgcI^WQ]S`U 
  ¶1»  ¶  # F     !"  ,  (      , ,          
	" -)3) , 5$ '&   L V#2a O V'  L V#2a O +) !)  HRJL  HKJL ]
NPXGO`O`YT aGa O`UWO.XZY#I^WQG\G\7XZ^cI ¡  ¤ L V#28a O V 67B9; <)=  A ; / K L a%M IO 3O`^)dXZYuU_O`YQGXZQG^[XZYHRJL  HJL TVY a UWEGIgcI¡XZgcI ! »  » " "¡G · #   5 5)  '&  
 '& 4    
  ' 	 $ L V#2a O V F L V#2a O +)  -: ")  , $!)  3 Zp2 h{z /  3 Zp2 h{z / ]
 I'dTVY"Y]XB I^ªUqTp}]S.O.^cE§U_E]I­IS`S.HJTpY§\GgcO.YGdO.\GS`Iz¡XZg '  ]z^cO.YGMUWEGIXpgWIH ]¢¯Z¢ vMO`Y ~V5]#IXp}]UqTpO`Y 
  ¶1»  ¶  # "   
	" -)3) , 5$) '& {
 '& 4   '  L V#2a O ) +)U3) ' " d: /ZB28V 3'  L V#2a O . 687:9; <)= A ; / '  L V e d 28a%M  O 3C  »»   O¯U_EU_EGIYGXpU_TVU_O`XZYG^Xp3^WIdU_O`XZYx~1GU_EGI­IS`S.HJTpY\GgcO.YGdO.\GS`I gWO`UWI^R C^cII
U_EGIXZgWIH ]¢¯Z¢ vXZgP¢ ]¢ vO.Y©~V ¤T
XZg-Z %u   TpY a Z  d   e u ' L u 2a O . 687:9j <E A C '  u h d 2  m j m  m    P
½zIY]dIp}ub a InYGO¯U_O.XpY]#IpIU¡XZg)I{pIgªb d: /ZB2V 3 '  L V#2a O . 687:9j <E A C '   V e d 2  m j m  m    P
EGO.dqEO`^z{VTpS.O a ¡Xpg V   TpY a TpS.^cXJ¡XZgYV X -2U_ETVYG^ U_X§UWO.HIEGXpHJXZpIYGIO`Ub² C^cIIgWIHJTpgcB¤¢zo[IH§TVgWYGX|U_EGTVUl¡XZg[I{pIgªbV X[ZPa V '  L V#2a O ^_TVUWO.^cnGI^° ¡'¤)^WO.Y]dIK a X1I^   U_EGIdXZYuU_O`YQGO`Ub dXZHI^¡gWXZH UWEGIXZgcIH B~²TpY a U_EGIm}:XZQ]Y a dXZHI^¡gWXZH







! »  » " "¡G · #    5 5)  '&  
 '& 4    H" R"# d  /Zp2V 3$2F L V#2a O  67B9; <>= A ; / F L V e d 28a%M  O 3C  »»   IdTpYxgcO`UWI '  L V#2a O . 67B9; <)=  A ; / '  L V e d 2a%M  O 3¡XZg d /1ZB2V 3 }ubU_EGIXZgWIHKG¢<D)EQG^'  L V#2a O  687:9; <>=  A ; / F L V e d 2a%M  O 3  67:9; <)= A ; / F L V e d 2a%M  O 3
D3TpO`YGU_EGIS.O`HJO¯Uu#IEGT|{pI F L V#2a O  67B9; <>= A ; / F L V e d 28a%M  O 35¢  
 IUzQ]^UWQGgWY	U_XUWEGIgWI{pIgc^WIO.YGI¿1QGTpS.O¯Ub
  ¶1»  ¶  #   5 5)  '&  
 '& 4      \  R 
 d  /1ZB2V 3    BRA ; / F L V e d 2a%M  O 3  F L V#2a OC  »» NPIU \ O`Y R¬TpY a UqTVpIUWEGI^WI¿QGIYGdIEM #   I XV3U_E]IXZgcIH ZEGO.dqEZXPI^U_X M I \ e + ] u ]EGIY ©ZX1I^U_X hz ¢%IUlQ]^[n]e:(  S.TpgWZIIYGXZQGZE¹¢  IET{ZI^WIIYUWETVU)U_E]IgWIIe]O`^cUW^zT°S=T !   R #    ^WQGdqE"U_ETVUA ; $ ' #    J L V e d 2a%M #   I N % . A    C ' #    J L V e d 28a%M I OQP¡XZg . o 2 q 2 ]] ]GTpY a d  /1ZB2V 35¢ kXZgcIX|{ZIg[#IEGT|{pIJ ¡U_E]IXZgcIH K¤F L V#2a O  ' #    J L V#2a O  A    C ' #    J L V e d 2a%M IO P½zIY]dIp

 $ $'&)(   
 $ $ &)(   ' #    J L V#28a O  
 $ $ &)(   
 $ $'& (   A ; $ ' #    J L V e d 2a%M #   I N % A ; $ 
 $ $ &)(   F $V e d 28a%M #     % A ; / F L V e d 2a%M  O 3QG^WO`YGM £|tu¤¡gWXZH U_EGIXZgWIH p%TpY a U_EGI S.X|#Ig^WIHJO`dXZYuU_O`YQGO`Ub'XV FjEGO.dqEdXZH\GS`IU_I^
U_EGI\GgcXPXp£¢  
¶ ²G"$#   5BR 	B`)  
   , 5"  5  ' "  
c#))
~pt &  ))  & "#
     ! » Z  	  ·¨» ^a V F L V#2a O
gcXZH \]gWXZ\7XZ^WO¯U_O`XZY   TpY a U_EGIXZgWIH |vMIZIU ! »  » " "¡G · #   5 5)  '& M
 '& 4   A  0  0    {BR  .a X Z . d /ZB28V 3
# JE  D E     q	 L V e d O F _ V#2a
T 9 _ 0  e 0 s V e dq g g    F L V#2a O  ª|~Z¤
 	+) S"  : "#  )1.  )  , @." 5S  $ \ lI E  / F L V#2 ] O 3 L a O  F L V#28a O  ªu¤
: "!5\ lO   L  O . 3 JE  !    
 s O     T 9 $0  e 0 s Os   f+)  -	 $  ! 3) )  , ."!5 : MR0 C  »» %D)ETVYG^[UWX°UWEGIXpgWIH v]]#IEGT|{pI
. \  R . u  /ZB28V 3 A ; / F L u 2a%M I E O O 3  F L V#2a OyzX| dqEGXPXp^WI \ O.Y R dXZgWgcI^W\7XZY a O.YG²UWX«T²dXZYG^cU_TpYuU{ZXpS=TVUWO.S.O¯Ub«\GgcXPdI^W^ 0  ¡O¯U_E0  0 ¤¢  IdTpY"gcO`UWI ¡XZg)^WXZHI­gcXBY]O=TpY"HJXVU_O.XpY 2 2M I E O . T 9 _0 2 I E O e 0 s L V e u Oq g
NPO.YGdI ' V F L ' 2a O O`^ a IdgWITV^WO.Y]§TpY a u V
A ; / F L V#2a%M I E O O 3  A ; / F L u 2a%M I E O O 3TpY a U_EGIY
A ; / F L V#2a%M I E O O 3 . # JE  D E      q	 L V e u O F_BV#2a
T 9 _:0  e 0 s L V e u Oq g g  
 F L V#28a O
 






  ¶1»  ¶  #    
	" -)3)1, 5$) '&  
 '& 4   ' "SR"V(X Z& , 5a V F L V#2a O +) ! R  3 ZB2 h{z /] 6# 5B"#$	"  c+) !)  C  »» ¬IU   T±S.X|Ig^WIHJO dXZYuU_O`Y1Q]XZQG^¡QGYGdU_O.XpY XZY H JL ^_TjU_O.^ª b1O.YG  £|u¤¢
 Ingc^cU°\GgcX|{ZIU_E]I\GgWXZ\7XZ^cO`U_O`XZY²¡XZg a V   L a O ^WQ dO.IYuUWS`b±^cHJX1XpUWE¢  IET{pIpTpddXZg a O`YGU_X ªu¤

 $ I \ lI E    L a O e   L a OV e d  Z
 IU[U_EGO`^zS`O.HO`U)O`^z}ub a InGYGO`UWO.XZY  +   L a O  !#9. As a s 0 s 0  90   L a O ¢D)E1Q]^z¡XZg[I{pIgcb a(X[ZP0  90   L a O  ZTpY a U_E]IgcI^cQGS`U¢v Y]XB a V   L a O O.^YGXpUR^WHXPXpUWE²IYGXZQGZE¹S.IURQG^n]e(V XSX Z]¢"D)EGIHJTp\a V \ lI E   L a O O.^ F  ¢&l^   ^WTVU_O`^cnI^% £|u¤B#IZIU% ¡}:IdTpQ]^WIU\ lI E  \ lI E .[\ lI E \ lI E  ¤\ lI E   \ lI E    L a O  \ lI E   L a O
NPX a V \ lI E   L a O O.^)dXpYGdT{ZI§ ¡nGgW^cU[^ªU_I\¤¢ IUQG^gcO`UWI N . T 9  0 2  e 0 s  s  ¡XZg^WXZHI§^ªUqTpY a Tpg a ­#gWX|YGO=TVY±HJXVU_O.XpY2 2%U_EGI ­S.TpdqZ®ªNPdqEGXpS.I^	^ªU_X1dq \GgWO`dI©TVU	{ZXZS.TVU_O`S.O¯Ubw0  0 ])D)E]IY}ub a InGYGO`UWO.XZY\ lI E   L a O . A /   L a N I E O 3@]  IdTpY	gWO¯U_I
  L a O . 
 $ $ &)(  I   L a O  
 $ $ &)(  I A /   L a N I E!O 3 A $ 
 $ $'& (  I   L a N I E O %  A /   L a N O 3 .   L a O
EGIgcI #I QG^cI ngc^cU± ª|Z¤ YGIe1U TVU_XpQ  ^	S`IHH§T«TpY a U_E]I©CTpdUUWETVU   O`^	S.X|Ig
^WIHO.dXZYuU_O`Y1Q]XZQG^%¡XZg%UWEGIS=Tp^ªUO.YGI¿1QGTpS.O¯UbZ¢vY"\TpgªU_O`dQGS.Tpg#IEGT|{pI^cEGX|YUWETVU
  L a O . 
 $ $'&)(  I A /   L a N I E!O 3. 
 $ $ &)(  I \ lI E   L a O
3O.YTVS.S`bpTp^)TRS`O.HO`UhO`Y]XpTM^WI¿QGIYGdIXpdXZY]dT{ZI'¡QGYGdU_O`XZYG^O`^%TMdXZYGdT{pI ¡QGYGdUWO.XZY¹
  O`^)dXZY]dT{ZIV¢  IdXZH\GS.IU_I UWEGI\GgWX1XpO`U_E	dXZgWXZS`S=Tpgªb"|°TpY a dXZgcXZS.S.Tpgcb   ¢  
c#))
~Z~ &  ))  & "#
    " !  	    ¶»  ¶ 
  ¶1»  ¶  F      )  J L V#2a O '3 ZB2 hz /  3 ZB2 hz /
   \   5" !@)9:[ ' R )! B  &    0 \ e + ] u ] ' "'R"# d W3 ZB2V>/     ) 
	 Q)K 55 5"! R R 35{ ' K 2       ) , 3)c! R ' 	 $ @ RK     y  
	"-)3)1, 5$ '&  $'&)(1)   L V#2a O 2      75. A ; /KML a%M IO 3  F L V#2a O  S 
	" -)3)1, 5$) '&  
 '& 4  
F L V#2a O  A ; /K`L a%M IO 3
¶ ²G" F # 6 ' K ) +)U3) '&  K 
	 3)  
¶ ²G" FF 6 ' K +)Y   .@SR A ; /K`L a%M IO 3t+)Y5"$!Yt/,  Z  '  p"  5`35$ :  5BH
	K`L$N IO  -	 $  ! 3) , )
	p RU0 : 	Q" 3)c"   
C  »»   	   IU      TVY a \  RJ¢Rz\G\GS`b1O`YG`v U%¡XZgcHMQGS=T°U_XU_E]I\GgWX1dI^W^d V   L V e d 2a%M  O }7IU#IIY Z°TpY a V e M¡XZg   3 ZB28V 3$2ZO¯{ZI^
  L p28a%M I E O .   L V#28a%M  O h # I E e b  bd L V e d 2a%M  O  dh # I E oq b s  b  s L V e d 2a%M  O a s 6 M  h # I E acb  b  L V e d 2a%M  O  M 
O`I^WIU 0  . 6 M  M s  d UWEGIY






h # I E U e b  b d L V e d 28a%M  O h oq b s  b  s L V e d 2a%M  O 0 s L a%M  O s X  dh # I E a b  b  L V e d 2a%M  O  M 
­IdTpQG^WI§Xp%U_E]I a InYGO`UWO.XZY]^ L415151 O TpY a L21 ' O O`UWEGO.Y  3}7XpU_E O.YuU_IZg_TpS`^O¯U_E©nYGO`UWI{pTVgWO=TjU_O.XpYTpgWI'Y]XZYG\7XZ^WO¯U_O`{pIp¢h½[IYGdIp\ e + ] u ]Z    L 	2a%M I EO    L V#2a O h # I E acb  b  L V e d 2a%M  O  M 
NPQG\G\7XZ^WI'¡XZgTEGO`S.I°  U_EGO`^%O.S.S¹}:I'^cEGX|YmS=TjU_Ig_¤ 
.   3 ZB28V 3$2 A ; U # I E a b  b  L V e d 2a%M  O  M  X  Z  ªK¤
­ b TVU_XZQ  ^)S`IHH§TR#IXZ}]UqTVO.Y
A ; / K L a%M IO 3  A ; /   L ZB28a%M I O 3 . A ; $ 
 $     L 	2a%M I EO % 
 $ $'& (   A ; /   L 	2a%M I E O 3    L V#2a O
½zIY]dIp
  L V#2a O  67B9; <)= A ; / KML a%M IO 3 .GF L V#2a O
yzX|S`IU K }:IUWEGIQG\G\7Ig	dXpYGdT{ZI IYu{ZIS.XZ\7I Xp K ¢rl^   O.^dXZYGdT{pI O`Y a XZY3 ZB28V 3À 
 $
     L 	2a O O.^dXZYGdT{ZITp^TMS.O`HJO¯U XpdXZYGdT{ZI¡QGYGdUWO.XZY]^¢h­#b§dXZYuU_O`YQGO`Ubp 
 $    L 	2a O .   L ZB2a O  KML a O 2^cXUWEGI'HJO`YGO.HJTpS`O`Ub°XpK S.IT a ^%U_X
  L ZB28a O  KML a O  KML a O
½zIY]dI§ C}ubU_E]I^WTpHI'gWITV^WXZYGO`YGO`UWE K O.Y	\GS.TpdI'XV K ¤]¡XZgTpYub     
  L V#28a O  A ; /K`L a%M IO 3  A ; / KML a%M IO 3  ª|wZ¤
N1IU   L L V#2a O  ! 9. A ; /KML a%M IO 3<EGO.dqE }:IS.XZY]Z^'U_X  ¢§l\]\GS`b1O.Y]± £BwZ¤lO`UWE   L IZIUM ¡^WIITVS.^WX" V ¡XZg)O`YG^cU_TpYGdI¤ 
67:9; <)= A ; /KML a%M IO 3.   L L V#28a O
c#))
~VK &  ))  & "#
D)EGIgcI¡XZgcIpG¡XZgUa XwZB2   L V#28a O    L L V#2a O  F L V#2a O ¢&O.YTpS`S`bpP}7IdTpQG^WIU_E]O.^)\GgcXPXp&O.^%{VTpS`O a ¡XpgTpYub   O`Y  ]IXZ}PUqTpO`Y² ¡O ¤¢v U[gcIHJTpO.YG^#U_X°^WEGX|  £K¤¢3O¯e u /1ZB2V>/2TpY a"a InGYGI'U_EGI\GgcXPdI^W^
  O . # O a b  b  L V e d 2a%M  O  M 
  O`^ T-\ e S.X1dTVSVHJTpgcUWO.YGZTpS.IV¢  IU V  . $'&)( ) u  ZB2    O  . /7#¡XZg   o ] L   O T  O O 
&O.^T \ e HJTpgªU_O.Y]uTpS.IV¢ vY \TpgªU_O.dQGS=TVg A ; /  O T  3 . A ; /   3 . Z]¢yzX|}ubSv U%  ^¡XZgWHMQ]S=T#IEGT|{pI
e   L V#2a O  # O T  acb  b  L V e d 2a%M  O  M  .  O T  \ e + ] u ]
­IdTpQG^WIXpU_EGO`^)S.X|#Ig}:XpQGY a ]#IdTpYTp\G\GS¯b<TVUWXZQ  ^)S.IHHJTRU_X°XZ}]U_TpO.Y
A ; U # O a b  b  L V e d 2a%M  O  M  X . A ; /  O 3. A ; $ 
 $ $ &)(   O T  % 
 $ A ; /  O T  3 .%Z
TpY a  ªKu¤#O`U_E u . V e 	] 	6	   IU \  RJ¢h)ddXZg a O`YGU_XU_E]IXZgcIH |vM#IEGT|{pI¡Xpg)I{ZIgcb d O`Y(/Zp2V 3F L V#2a O  A ; / F L V e d 2a%M  O 3
D)EGIY TVU_XpQ  ^3S.IHHJTlZO`{pI^ F L V#28a O  A ; U 
 $ $ &)( I F L V e d 2a%M  O X ]pD)EGIgWI¡XZgWIV#IYGII a UWXJ^cEGX| U_EGTVU

 $ $'&)(  I F L V e d 2a%M  O  K L a%M IO \ e + ] u ]
lY a O`UO.^%^cQ dO`IYuUU_XZIU 
 $ $'&)( I F L V e d 2a O  K`L a O ¢h­IdTpQ]^WIXpU_EGI'dXZYGdT|{1O¯UbXp-a V F L V e d 2a O ¡XZg d x V C\GgcXZ\:Xp^WO`UWO.XZY  ~u¤MTpY a UWEGI a InYGO`UWO.XZY«XV K 23U_EGO`^TpHJXpQGYuU_^%U_X°^cEGX|
.a X Z 






 IU KML a O . F L Zp2a O TpY a  ª|vu¤O`^)XZ}]U_TpO.YGI a UWETpYG^)U_X°U_E]IS`X|Ig[^cIHO¯® dXZYuU_O`YQGO`UbXpAF{]  
¶ ²G" F  6 5B"#$p"   -)  K +)S   .@SR  R ' 	 $ F 1.-)5     :  )B  L41 ' O  
     ! » ¶ p 	 » ¨º 	 	¦	 ¶  ¶ " " 	   D  	  ¶
z\U_XY]XBPI'ET{pI a O.^WdQG^W^cI a U_E]I {pTVS.QGIl¡Q]YGdUWO.XZY F L V#2a O ]pvYU_EGO`^%}GgWO`I^cQG}G^WId®U_O.XpY#Iz^cETpS`S7^cII[U_ETVU U_E]O.^hO.^ TpdU_QTpS`S`bMUWEGI[HJO`YGO.HMQ]H \GgcO.dIXp¹U_EGI[^WQG\7Igc^cUWg_TVUWIZO`I^
¡XZg§T²¥hQ]gWXZ\7ITpY Xp\]U_O`XZY´O`Y´XZQGg¡g_TpHI#XZgc¨XV'U_EGI[YGdIgcU_TpO.Y´hXpS=TVUWO.S.O¯Ub«k"X a IS
EGIgcI 0. h{z ]
  ¶1»  ¶  F "   
	" -)3) , 5$) '&  
 '& 4    ' K +)U   .@SR)! L V#28a O .F L V#28a O W3 ZB2 h{z /  3 ZB2 h{z / ]C  »» %D)ETVYG^[UWX°UWEGIdXZY]^cU_gWTpO.YuUW^ L4151 O TVY a L415161 O Xp a InY]O`U_O`XZY  5 Z¤T! L V#2a O  67B9; <>= A ; / KML a%M IO 3.GF L V#2a O
$ XZYu{ZIgc^WIS`bZ ^cO.YGdI F L V#2a O . \ lI K`L a O O.^z^WHXPXpUWExIY]XZQGZE 27IpIU ¡gcXZH v U%  ^l¡XZg£®HMQGS=T
F L V#2a O h # I b Fb  L V e d 2a%M  O a  M  . K`L a%M IO  KML a%M IO  Z \ e + ] u
 IXZ}]U_TpO.Y L4151 O O`UWEW.i. F L V#2a O ] L41 O dXpHJI^¡gcXZH UWEGIRTV\G\GS.O`dTVUWO.XZY§Xp v U%  ^gcQGS.IV¢½zIY]dIU_EGIdXpY{pIgc^WIRO`YGI¿QTVS.O`Ub§TpY a U_E]IgcI^cQGS`U¢  
 I)ET{ZI)nYGTpS.S¯b^cEGX|YUWETVUuO.YT'YGX'O`YUWIgcI^cUhgWTVU_I)HJTpgcpIUZQGY a Ig Tp\G\GgcXZ\GgcO=TVUWI
Tp^W^cQGHJ\PU_O.XpYG^jU_EGI#\GgWO`dI XpGU_E]IHO.YGO`HMQGH ^ªU_g_TjU_IVbXVTz^ªUqTpY a Tpg a ¥<QGgcXZ\7ITpYMXp\]U_O`XZY
Xp HJTVU_QGgcO`Ub V#TpY a \TbZXp³ KML$N IO PEGIY{ZXZS.TVU_O`S.O`UbMO.^ QGYGYGX|Y	}GQ]U)TV^W^WQ]HJI a U_XM}7I}:XZQ]Y a I a ¡gWXZH }7IS`XB }ub T²dXZYG^cU_TpYuUW0 )O`^UWEGIm\]gWO.dIXVT²^cU_TpY a TVg a ¥<QGgcXZ\7ITpY
XZ\]U_O`XZY±O`Y²U_EGI­S=Tpdq TpY a N1dqEGXZS.I^HJX a IS O¯U_E±U_E]I^_TpHIHJTVU_Q]gWO`Ubp3{ZXpS=TVUWO.S.O¯Ub 0




L V e d 2 N O ]
c#))
~pv &  ))  & "#
¶ ²G" F   6    )/, "^
.1. )"8  . ` {-) : " Y"R+) p
	
+) )  
  !"  , 5   
¶ ²G" F  % p"{" 3)p "  ,) R
  ' 0 . Z  
     R  	 %$3 %$3  $3
 I a IYGXpU_I{4U_EGIdXpYG^cU_TpYuUzO`YuU_IgcI^ªUzgWTVU_IXpU_E]IHJTpgcpIU[TVY a TVS.^WXB  K
	 ° »  	   » &  ¼ aV   A J  	  »   ¼ ¶ ¼ »w3 ZB2 hz /  	 ¶ " 	  	 B
 $   U KML a O   ¼ 
 $  J    A J  ¶ 	 
 -0/  26; 46584 G270=A@:979: @ E : @ML  
 IQG^WIRUWEGIRY]XpUqTVUWO.XZY]^zTVY axa InYGO`UWO.XZY]^zXph^cIdU_O.XpY~§TpY a ]¢-vYx\TpgªU_O`dQGS.Tpg)IMQ]^WI
U_EGI^_TVHJI'^cIU[Xp&S=T[R^T ]
 IUzQ]^[^cIIEGX| UWEGI a InGYGO`UWO.XZYXpU_E]I\]gWO.dI'ETp^)U_X°}7IHJX a O`nGI a ¢ v 3TVU)UWO.HI d 2XZYGIMETV^ U_EGIR#ITVS`U_E   TpY a O`Y{pI^ªU_^'U_EGIMTpHJXpQGYuU 0  O`YmU_E]I^cU_X1dqm\]gWO.dI N 2:UWEGI
TpHJXpQGYuURXp)UWEGIO`Y{pI^ªU_HIYuUO.Y©U_EGI§YGXxgWO`^Wub²Tp^W^cIUXp\]gWO.dI O`^  .   E
	     ]D)EGI^WIS¯&nGYTpYGdO.YGdXZY a O`UWO.XZYO`^)^_TVUWO.^cnGI a O`   .     h 0   N
D)EGI^WXZS`Q]U_O`XZYXpU_EGO`^)I¿QTVUWO.XZY"O.^)ZO¯{ZIY"}ub
  .  _   h #  0   L N  O g 2 d: / ZB2V 3
kO¯ePO.Y] UWEGO.^°O`UWE¨UWEGI"\GgWI{PO`XZQG^ a InGYGO`UWO.XZY U_EGI"\GgcO.dI"Xp T²¥<QGgWXp\:ITpY´XZ\PU_O.XpY¨O`^
a InY]I a }ubX
! G L , 2V#2 K 2a O .Q$ &)( *++, ++-







oIHJTpgcJU_EGTVUM ^ªUqTpY a ^zE]IgWI'¡XZg%UWEGI a O.^cdXZQ]YUWI a QGY a IgWS`b1O`YGG¢
 IET{ZIU_EGIdS.ITVg)EGXZHXZZIY]IO`Ub§\GgWXp\:IgcUbXC  »ED<»  	  	 »GF  .   Zp2 ! G L , 2V#2  K 2a O . E! G L ,28V#2 K 2a O ](6 5B"#$p" ! G L , 2V#2 K 2a O . DFEHGQI ! G $, 2V#2 D)GQIK 2a C  »» {v  `.%ZB2O`U%O.^)^cUWg_TpO`ZEuUW¡XZgª%TVg a ¢ v  X ZB2
  h # I E0 LD G  MY2 d O a  M   D EHGJI L  K O  a D GQI M I  \ T]¢ ^¢
UWEGIY E! G L , 2V#2 K 2a O  ! G L , 2V#2  K 2a O ]  Y"UWEGIXpU_EGIg%%Tbp
 h # I 0 LD)G  MY2 d O a  M   DFEHGQIBL  K O $a D)GQI M I  \ T]¢ ^
S.IT a ^%U_X  h # I 0 LD G  MY2 d O a  M   DFEHGQIK a D)GQI M I  \ TP¢ ^
^WXG   "  T m I m    m     ! G L ,28V#2 K 2a O ¢  
 IU'QG^ YGX|,ZO¯{ZIT§Q]^WI¡Q]SgWI^WQGS¯UlEGO`dqE TpS.S`XB^[U_XHJTpVIMQG^WIRXp<U_EGIRgWI^cQGS`UW^ Xp
U_EGI\GgcI{1O.XZQ]^[^cIdU_O.XpY¢C  »ED<»  	  	 »GF !   , 2V#2 K  D)GQI ]  2a  . !   , 2V#2 K 2a D)GQI  . ! G  , 2V#2 D)GJI K 2a 
C  »» ²D)E]I°nGgW^cUI¿1QGTpS.O¯UbxdXpHJI^¡gcXZH Zz ¡\GgWXp\:IgcUb¨ CfpB¤W¤ ¡EGIgcI°#IIe®
\GS.O`dO`U#U_EGI a I\:IY a IYGdIO.YU_EGIO`YGO`UWO=TpSdXpY a O`UWO.XZY¤ 
 h # I 0 L MY2 d O a  M   K a D)GQI M I  \ T]¢ ^¢

 h # I 0 L MY2 d OD GQI a D)GQI  M   K  a D)GQI  M I  \ TP¢ ^¢

 h # I 0 Q L MY2 d O $a D GQI   M   K a D GQI  M I  \ T]¢ ^¢
c#))
~   &  ))  & "#
lY a IdTpY"gcO`UWI
 h # I 0 L MY2 d O a  M   K  a D GQI M I  \ T]¢ ^¢

 h # I 0 Q LD)G  MY2 d O a  M   K  a D)GQI  M I  \ T]¢ ^¢
EGIYGdIUWEGI^WIdXZY a I¿QTVS.O`Ubp¢  
¶ ²G" F     5" 35)$) "  R
<: B R"  )   ' 9: )'
W  Q" R 
gcXZH \GgcXZ\7XZ^WO¯U_O.XpY"wP]#IZIU C  »ED<»  	  	 »      
	" -)3) , 5$ '&    ' K +){   .@SR! G L , 2V#2 K 2a O  D EHGQI  >BA  a D GQI 2 K 2 0 s V#2 0 s V C  »»   IET{ZIM!  L , 2V#2 K 2a O   > A L a 2 K 2 0 s V#2 0 s V O TpY a ! G L , 2V#2 K 28a O .D EHGJI !  L , 2V#2 K 2a D GQI O ]  
¶ ²G"	 # H " W   )!-: ) <)/, "" 3)p^ )1.`  35$ 
	!!-, 5)$y '   * " 	 
 U  ?    
 * "89, $@ R     
 QGg<¡XZS`S.X|O.Y]'gWI^cQGS`U IePUWIY a ^#U_E]IXZgcIH v]¢&O.gW^ªUu#IzgcI{1O.I ^WXZHIYGXpU_TVU_O`XZYG^<Xp
^WIdU_O`XZY"~P¢D)EGI'^ªUqTVUWI \GgcXPdI^W^cI^  G!m j m  m  dXZYuU_gcXZS.S`I a }ub§UWEGI \GgcXPdI^c^ r Tp^ a InYGI a}bX   G#m j m  m   . 4  G#m j m I m    d h r   G!m j m  m    P G!m j m I m   . a







  ¶1»  ¶   F   
	"-)3)1, 5$) '&  
 '& 4  ! G L ,28V#2 K 2a O . 687:9; <>=@? A ; C D EHGQI K  a D GQI M I  P . D G L , 2V#2 K 2a O
C  »» °z^cO.YGJU_EGIXZgWIHv]¹#IZIU^cO.YGdI R^T a XPI^ YGXpU a I\7IY a XZYxUWEGIO.Y]O`U_O.TpS
dXZY a O`U_O`XZYWa 2 !   , 2V#2 K 2a D)GQI  . 687:9; <>= ? A ; C K a D)GJI M I  P
kXZgWIX|{ZIgU_ETpY]1^)UWXUWEGI\GgWXZ\7XZ^cO`U_O`XZYG^~ °TVY a ~   ]#IEGT|{pI! G L , 2V#2 K 2a O . DFEHGQI ! G  , 2V#2 D)GQIK 28a . DFEHGQI !   , 2V#2 K 2a D)GQI  I  A 2 . DFEHGQI D   , 2V#2 K 28a D)GJI . DFEHGQI 67:9; <)=@? A ; C K $a D)GQI M I  P. 687:9; <>=@?pA ;(C DFEHGJIK  a D)GQI M I  P
^WO.Y]dI5R^T a XPI^YGXpU a I\7IY a XZY 4]
y[X|GIdTpY"gWIH§TVgW ¡}ub`v U%  ^)¡XZgWHRQGS=Tu¤hU_ETVU   m j m  m  ! " I > 2 ! 2.  G#m j m  m  I ¢ NPXG
D  $,28V#2 K 2a D)GQI  . 687:9j <E A $ K L   m j m  m  ! " I N&% . 67:9j <E A C K   G!m j m  m  I  P. DFEHGJI D G L ,28V#2 K 2a O
D)EGIgWI^cQGS`U¡XZS`S.X|^¢  
 - ,  26; 46584 G270=A@:979: @ E : @ML   
o[IdTpS`SVU_EGTVU  . /1ZB2 0 35¢ ! G L p2V#2 K 28a O ETp^U_E]I<^_TpHI<\GgWXp\:IgcU_O`I^¹UWETpY! G L ,28V#2 K 2a O ¢½zIY]dIO`U_EUWEGIXZgcIH &
  ¶1»  ¶  &   
	"-)3)1, 5$ '&  c ' K +)   .@SR! G L B28V#2 K 2a O . DFEHGQI !   p2V#2 K 2a D)GQI  . DFEHGQI F >BA  a D)GQI 2 K 2 0t2V 
c#))
Zt &  ))  & "#
¶ ²G"	 " & )/, " " 3)pB-){!<)!-: )H "  (    ' "89,  : " $' ' )  !B-)$ R<, )
	  &y" ! R" ^ 9. 8: "%$)7: SM".	"-)3) ' 5B@
	 ' 	 $)  B(p"*) 	+) 5BH
	%B-)5 { ' 	 $S '  
+) !p 

5"$! 5"! !3)3)  
 -2   ; 2 ;646584 G279= @:979: @E
 I°QG^cI§EGIgWI°U_EGI°YGXpU_TVU_O`XZYG^TpY a²a InYGO`UWO.XZY]^'Xp%^cIdUWO.XZY©KG¢D)EGI§gcO.^c1S`I^c^\]gWO.dITVU
U_O.HI'tXpU_EGI¥<QGgcXZ\:ITpY"XZ\]U_O`XZY	O.^)YGX| a InY]I a }ubX
! G L  2V#2 K 2a O .Q$'&)( *++, ++-
  H , 0/. X Z 2 0/0  ; =@?A = ,. \  R Q \ T]¢ ^¢L21 O 3 I 0 s LD G  MY2 d O  M   x zL2161 O 3 2 0 LD G  MY2 d O  M  X e .L415151 O  h 3 I 0 LD G  MY2 d O  M   D EHGQI KML a D GQI M IO
7 ++9++:
 O¯U_E	\GgcXZ\:Xp^WO`UWO.XZY]^~  P~   TVY a gcIHJTpgW~~]]#IZIU
  ¶1»  ¶       
	"-)3)1, 5$) '&  
 '& 4  ! G L  2V#2 K 2a O . 687:9; <>= A ; C DFEHGQIK a D)GQI M I  P . A ; C DFEHGQI K a D)GQI M I  PS-) )B 1.i 5"#$!( /, MZ  '   	" 35 35$[  -	 $  ! 3) , )
	 :    " 3)c"8 Y42 R0 
 5B@
	 KMLN IO  C  »»  3O.gc^cU)^cO.YGdI R a XPI^YGXpU a I\7IY a Y]IO`UWEGIgJXZY 4¦YGXZgJXZY´UWEGIxO.Y]O`U_O.TpS
dXZY a O`U_O`XZYWa 2Tp^\GgcI{1O.XZQ]^WS`bJIET{ZI! G L  28V#2 K 2a O . DFEHGQI ! G   2V#2 D)GJIK 2a  . DFEHGQI !    2V#2 K  D)GQI ]  2a . D EHGQI 67:9; <)= A ; C K a D GQI M I  P . 67B9; <>= A ;yC D EHGQI K a D GQI M I  P
NPIdXZY a S¯bZO` I a InGYGI  L ] O . KMLD GQI ] O 2UWETpYG^U_X	U_EGIXZgWIH ~pt   ^_TjU_O.^ªnI^§ C ¤TpY a  C  ¤c¤






TV^cU_S¯bZ[O`U	gcIHJTpO.YG^JU_X¦^WEGX|UWETVU	XZY 3 ZB2 h{z /2   L ] O . K`LD GJI ] O ]%D)EGI¡QGY]dU_O`XZYK`LD GQI ] O O`^"dXZYGdT|{pIp¢ NPXG ^cO.YGdIKMLD GJI ] O  KMLD GJI ] O 2)}ub U_E]I©HO.Y]O.HJTpS.O¯Ub¦XpUWEGIdXZYGdT{ZIIYu{ZIS.XZ\7Ip#IpIU
K  D)GQI ]    KMLD GQI ] O .   L ] O
'YUWEGIXpU_E]IgTbZ KML a O .   L a D EHGQI O ¢h­IdTpQ]^WIXpU_EGI'dXZYGdT{1O`Ub§Xp   LD EHGQI ] O ]#IZIU]¡XZg)I{pIgªb amO.YW3 ZB2 h{z /
 $a D EHGQI   K`L a O
IUQG^'n]e . a D EHGJI ]  I°ET{ZI   L  O  KML  D GQI O ¡XZglI{ZIgcb xO`Y3 Zp2 h{z / 27EGO.dqEZO`{pI^)U_EGIdXZYu{ZIgc^WIO.YGI¿1QGTpS.O¯UbTpY a dXZHJ\]S.IUWI^%UWEGI\GgWX1Xp£¢  
¶ ²G"	  
 S" 3)p/)  ' 	+) ) !$    J  
	
    
	 " , +)$Q" 3)c"  ' 	 $]
  R	! 
vY U_EGO`^\Tp\7Ig§#I ^cUWQ a b´UWEGI zY]dIgªUqTpO`Y hXZS=TjU_O.S`O`Ub«kX a IS° C[km¤%O`YUWgWX a QGdI a
O.Y'TVY a XpJ¯tj5[¡XZgJ\TbZXp³:^"Tp^W^cQGHI a U_X«}7IxXZY]S`b dXZYuU_O`YQGXZQG^¢  IU	QG^§ngc^cU
^WQGHH§TVgWO |I XZQGggcI^WQ]S`U_^¢)NPQ]\G\:Xp^WIU_EGIO.YuUWIgWI^cUzg_TVUWI{4§O.^YGXpYGYGIZTVU_O¯{ZIp¢cv  K O.^%UWEGI
 CYGXZY]YGIuTjU_O`{pI|¤\TbpXp³ ¡QGYGdUWO.XZY	Xp3TpY	XZ\]UWO.XZY¹GS.IU)QG^[^WIU   K%	 ° »  	   »   ¼ a V   A J  	 M »   ¼ ¶ ¼ »w3 ZB2 h{z / S  ¶ " 	  	 | 
 $   U K L a O   ¼ 
 $  J   A J  ¶ 	 
® v <U_E]I{ZXpS=TVUWO.S.O¯Ub\GgcXPdI^c^lUqTpVI^l{VTpS`QGI^[O.Y/10 2 0 3EGIgcI 0 X[Z§TpY a 0fx h{z QGY a Ig3Tp^c^WQGH\]UWO.XZYG^# ¡'¤TpY a  ¡  ¤UWEGIk	® ^WIS.S.O`YG\GgWO`dIhXpT[¥<QGgWXp\:ITpYRXZ\PU_O.XpYO`^
U_EGI[k®^WIS.S`O.YGz\GgWO`dIXVGU_EGI%¥hQ]gWXZ\7ITpYXp\]U_O`XZYO¯U_ERY]X'O.YuU_IgWI^ªUgWTVU_IV a O.^cdXZQ]YUWI a
}b D EHGJI GO¯U_E	QGY a IgWS¯b1O.YG°O.Y]O`U_O.TpS{pTVS.QGI a D GQI O.YG^ªU_IT a Xpa ]
® v  0 . ZB2QGY a IgTp^W^cQGHJ\PU_O.XpY C ¤z c C  ¤<O.^ YGXpU#gWI¿1Q]I^cUWI a ¤]U_E]Iz^WTpHJI[gWI^WQGS¯UO`^
U_gWQ]Ip¢hkXpgWIX|{pIgU_E]Iz\GgcO.dI[O`^hTpS.^cX'U_EGI[­S.TpdqZ®ªNPdqEGXpS.I^hzHJIgWO.dTpY°\GgWO`dI[TVUh{ZXpS=TVUWO.S.O¯Ub0 TVY a Y]XO`YuU_IgcI^ªUzgWTVU_IJ  O`U_EUWEGI^_TpHI U_gWTpYG^c¡XpgWHJTVU_O`XZY¤¢
c#))
u~ &  ))  & "#
® v  0w. h{z L 0  Z O QGY a IgTp^W^cQGHJ\PU_O.XpYG^J C'¤TpY a  C  ¤U_EGIJ['k	®^cIS`S.O.Y]\GgWO`dIXplT¥<QGgWXp\:ITpY¦XZ\]U_O`XZY«O.^U_EGI\GgcO.dIXpzT©­#S=TpdqZ®ªN1dqEGXZS.I^°¥<QGgWXZ\7ITVY¨Xp\]U_O`XZY
O`U_E {pXZS=TVUWO.S`O`Ubi0 TpY a Tp^	T«\TbZXp³&lUWEGI^WHJTpS.S`I^ªUdXZY]dT{ZI ¡QGYGdU_O.XpY Tp}:X|{pI UWEGI
O.YGO¯U_O=TVS:\TbpXp³3¢vY©¡Q]U_Q]gWIXpgW^IJ\GS=TpYUWX^ªU_Q a bUWEGIdTp^cIJXplHIgcO.dTVY©Xp\]U_O`XZYG^TpY a TpS.^cX
}TpgWgcO.Ig%XZ\]UWO.XZYG^¢
  V%$&	! 
¯k ¢{ZIS`S=TpY]I a T] ¢ I{bp¢ f3TVg_Tp^ "#$1. 
`
.1.
	"SRSR ) ! "$3)5>," $@/) :  Wp !"#$WR$3)G¾pXZQGgWYGTpS¹Xpz\G\GS`O.I a 3O.YTVYGdIV
hXZS<Z ~~uwP¢
 ~B¾]¢ $ {1O`UqTVYGO.dVG½¢GfhEGTpHGy¢]DXZQ:|OÀ  5"  " 5$$ )  !B-)$ R
, )
	 ) 	
	" 5"# ' $) !)"8/) ¾pXZQGgcYTpSXV#z\G\GS`O.I a fhgcXZ}Tp}]O.S.O¯UbZ¹yzX
Zv] ~~ ~]¢
 jy¢<¥<S^}TpgcXZQGOÀ<k ¢<¾pITpY}GS=TpY]d®£f<O`¿1Q p#N:¢hNPE]gWI{pIp	-)) 3)3) '  (-	 $
( ! 3) ' " , p
kmTVU_E]IHJTVU_O`dTpS(3O.YTVYGdIV]hXZS   y[X~1 ~ ~   ¢
 KVy¢¥<S }TpgWXpQGOÀGk ¢ ® $ ¢ QGIY]I)|p  9, $ 5" ."89, , 1.
C5"#$1.M ' ! 1.	 /,8)`%  !-, 5  <,"%$@%N	v'k ¾pXpQGYTpSXp $ XZYuU_gcXZS[TpY a
'\PU_O.HO |TVU_O`XZY1yzXJZ £B¤: ~ ~uw1¢




 3O.YGTpYGdITVY a NU_X1dqETp^cUWO.d^KG~VtZtZt]¢
 vj{vq¢W}Tpg_TjU |TV^©N:¢§NPdqEGgcI{ZIV ^"!-:  , $ 
 )  !B-)$  	 )
NP\GgWO`YGZIgNPIdXZY a I a O`U_O`XZY: ~ ~u~P¢
= B{vq¢ }Tpg_TjU |TV^RN:¢'NPdqE]gWI{pIp &()
-)  ' , ,$   !NP\]gWO.Y]ZIg
 ~ ~   ¢
     ¢ }'g_TVHJVXB{7 % 5$ 
	!!-, 5)$w ' )p" 5" ,"#1.@ 3)W

.1.!1.	 /,8)[ !-, 5  >) !	" ,"%$@ )lfhgcXZ}Tp}]O.S.O¯Ub´D)E]IXZgªb






 ~jy¢ M¢ }'gcb1S.X|{7 9 "! 
 
 	-)$ 5"! !3)3) 3)GNP\GgcO.YGZIg  ~   t]¢
¯|tjD'¢ ¾]¢BbZXpYG^#  !"#$ R5
Y  "#+) $  ' " !)F3)+)^ ' 
	"#SRSR3)
¾pXZQGgWYGTpS Xp&l\G\GS`O.I a &O.YTpY]dIpPhXZS~P ~ ~uwP¢
¯Z $ ¢kTpgcUWO.YGO5  -, `"  ,"%$) 35$ 5"#$1. : ip $ -: GR 
 XZgc^WEGXZ\XZYJkmTVUWEGIHJTVUWO.dTVS 3O`YTpYGdIp@vYG^ªU_O`UWQ]U g_TpY]dXV®o[QG^c^WI[ O=Tp\]QGYGX|{7@vYP®
gWO=TPkmTb ~ ~   ¢
¯B~B $ ¢jkmTpgcUWO.YGO5  
    !"$y^&y)
		
 & , "#$ % 5$)jozTp\1®
\:XZgªU a IgWIdqEGIgcdqEGIMy[X§Zv~  PBvY]gWO=TPkmTb  ~ ~ ~P¢
c#))
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